Government spending plays an important role in determining economic performances in China. Its macroeconomic e¤ects are analyzed in this paper. We show that government spending in China (i) Granger-causes output, consumption and investment booms as well as in ‡ation and (ii) has a multiplier larger than 1. The large multiplier e¤ects are found not only in aggregate time-series data but also in panel data at the provincial level. We also provide a theoretical model and Monte Carlo analysis to rationalize our empirical …ndings. Our theoretical and Monte Carlo analyses support the large multiplier found in China but also suggests that government spending is not necessarily a free lunch in spite of the large multiplier e¤ects.
Introduction
The macroeconomic e¤ects of government spending in China have been remarkably striking, both in terms of fostering long-run economic growth and in driving short-run business cycles.
Consider the following observations:
1. China's public capital formation in infrastructure (such as urban water supply, electricity, transportation, and telecommunications) has been growing at the fastest rate in the world. 1 Vast improvements have been made during the past 30 years in irrigation systems, underground sewerage systems, streets and highway networks, air and rail transportation, electricity transmission grids, gas and oil pipelines, schools, hospitals, and so on. As a result, China now enjoys an exceptionally high ranking in the World Bank Logistics Performance Index (LPI). 2 China ranked 27th in 2016 among 160 countries, above Israel. In fact, China is the only developing country that has achieved an LPI comparable to that of industrial high-income nations in international shipments, infrastructure, custom services, logistics competence, tracking and tracing, and timeliness. Such a remarkable catch-up in infrastructure has no doubt made a signi…cant contribution to China's rapid economic growth.
2. However, government spending in China has also been viewed by many as reckless and highly ine¢cient (such as building roads leading to nowhere and ghost towns nobody wants to live). As a recent example, a signi…cant fraction of the 4 trillion RMB government stimulus package, designed to counter the adverse impact of the worldwide …nancial shocks on China's export sector, went to the housing market and fueled a new housing bubble (Deng et al., 2011 ). 3 It is thus not surprising to note that 1 From 1978 to 2008, China's infrastructure capital stock (in constant prices) grew by 12.3% per year while the real GDP grew by 9.5% per year. 2 The Logistics Performance Index (LPI) is an interactive benchmarking tool created based on a worldwide survey of operators on the ground (global freight forwarders and express carriers), providing feedback on the logistics "friendliness" of the countries in which they operate and those with which they trade. They combine in-depth knowledge of the countries in which they operate with informed qualitative assessments of other countries where they trade and experience of global logistics environment. Feedback from operators is supplemented with quantitative data on the performance of key components of the logistics chain in the country of work. LPI 2016 ranks 160 countries on six dimensions of trade -including customs performance, infrastructure quality, and timeliness of shipments -that have increasingly been recognized as important to development. The LPI uses standard statistical techniques to aggregate the data into a single indicator that can be used for cross-country comparisons. 3 Wen and Wu (2013) argue that ine¢cient government expenditures in China can nonetheless serve as a coordination device to prevent recessions.
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China's big government spending programs have themselves often been a major source aggravating China's in ‡ation level and price instability. 4 Therefore, government spending can have a dramatic trade-o¤: On the one hand, it may signi…cantly boost aggregate output through aggregate demand, especially in developing countries with severely under-utilized resources due to massive market failures and secular stagnations. On the other hand, it may have severe adverse consequences, such as unintended in ‡ation and price volatilities. Such a trade-o¤ is perhaps most clearly revealed in China's recurrent in ‡ation cycles in the 1980s and 90s, driven mainly by large government spending (or de-spending) programs (see Section 2). This paper attempts to estimate the macroeconomic e¤ects of government spending in China. In particular, we use both nationwide and regional data from post-reform China to estimate the multiplier e¤ects of government consumption. It is generally believed that the multiplier of government spending is larger in less developed economies than in developed ones because they have more under-utilized resources and tend to su¤er more from insu¢cient aggregate demand.
We have two interesting …ndings, among other things. First, our estimates show that the multiplier in China is signi…cantly larger than 1 at both the national level and the regional level. This value is indeed signi…cantly greater than those found in developed countries such as the United States. 5 Second, we also found that the large multiplier e¤ects of government spending in China are not without costs or detrimental e¤ects. Our empirical study suggests that government spending programs in China may have been a major aggravating source of in ‡ation and business cycles. More speci…cally, China exhibits a clear pattern of 7 to 9 year periodic or semi-periodic cycles in government consumption, GDP, and in ‡ation. Over these business cycles, government consumption strongly leads and Granger causes the cycles, and in ‡ation 4 Since the start of economic reform in 1978, China's central government has relied heavily on in ‡ationary de…cit …nancing to stimulate the economy. Big stimulus packages often generate short-run booms followed by high in ‡ation. The high in ‡ation in turn causes widespread social and economic problems and then forces the central government to adopt severe measures to curtail spending programs that are largely supported and sustained by self-interested local government agencies. The contraction of government spending in turn leads to recessions. See Section 2 below for more examples. 5 Empirical studies show that the estimated government spending multiplier for developed countries, such as the United States, is in general smaller than 1 or in the range of 0:6 to 1:2 (Ramey, 2011a). Barro (2011) argues that the multiplier in the United States is more likely to be close to zero. The reason for expecting a small multiplier is that capacity utilization in developed countries is su¢ciently high and markets are su¢ciently e¢cient and complete. However, during severe recessions, especially in a situation with a zero nominal interest rate, the multiplier in developed countries can be potentially greater than 1 (see, e.g., Christiano, Eichenbaum and Rebelo, 2011). Ramey (2011a) , however, …nds no empirical evidence for the New Keynesian prediction that the multiplier is larger than 1 when the interest rate is near zero. However, Shaog (2010) …nds a multiplier of 2 using regional data by panel regressions. For a comprehensive literature review on empirical and theoretical studies of the …scal multiplier, see Ramey (2011b) 
2 signi…cantly lags the cycle. This pattern suggests that many rounds of economic booms in China were initiated or facilitated by big government spending programs, followed by strong growth and accelerated in ‡ation. High in ‡ation, in turn, forces the government to curtail its spending, thereby generating a negative multiplier e¤ect and a sharp recession (the so-called soft landing in China). When a recession persists long enough, it calls for another round of stimulus spending to jump-start the economy. Such a vicious cycle is a typical feature of the Chinese economy that has long been noted in the existing literature (see, e.g., Lin, Cai, and Li, 1996; Lin, 2009; and Zhu, 2000, 2001) .
Why is government spending in China so in ‡ationary? Calvo and Guidotti (1993, p. 683) show that "public …nance considerations are major determinants of monetary policy as well as the proximate cause of in ‡ation in many [developing] countries." In particular, using cross-country data from developing countries, these authors show that high-in ‡ation countries carry higher government de…cits. China is no exception to this …nding (Brandt and Zhu, 2000) . In particular, China's …scal policies are characterized mainly by (i) the expansion or contraction of credit lending through its large and powerful state-owned banking system and (ii) the simultaneous expansion or contraction of money supply and government de…cits.
As a recent example, the 4 trillion RMB stimulus package to counter the adverse impact of the world …nancial crisis on China was implemented through rapid and massive credit expansion by the state-owned banking system and simultaneous increases in government de…cits and money supply (Wen and Wu, 2013) . The in ‡ationary consequence of this huge stimulus program called for another round of credit tightening in China in 2011 even though the world economy still remained in deep recession and China's export sector was still in a big slump.
Studying the macroeconomic e¤ects of government consumption in China has additional merit. A large and growing literature has renewed the interest in identifying the multiplier e¤ects of government consumption in the United States and other advanced countries (see Ramey, 2011b , for a literature review). A key motive for the renewed interest is to provide guidance for counter-cyclical …scal policies during the post Great Recession period. As a large developing country with a high saving rate and high degrees of resource under-utilization, vast missing markets, and a wide range of market failures, China o¤ers a unique opportunity to test the Keynesian notion that government expenditures (even as a pure waste of aggregate resources) can have a multiplier larger than 1 on aggregate income.
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The large multiplier e¤ects of government consumption we found suggest a possibly even larger multiplier e¤ect for government investment-because, unlike government consumption, government investment can directly a¤ect not only employment but also the productivity of the private sector. Therefore, our results may explain why government spending in China (such as the 4 trillion RMB stimulus package implemented in 2008 and 2009) may be quite e¤ective in preventing economic slowdowns and recessions even though the money may have been used to build roads to nowhere and housing for nobody. 6 In addition, a methodological contribution of this paper is the provision of a theoretical model to help rationalize (both econometrically and theoretically) the large multiplier e¤ect in China and the business cycles in both government spending and aggregate output. Our theoretical analysis aims to address two related issues: (i) to identify plausible mechanisms through which government consumption can have a large multiplier e¤ect and at the same time be the source of business cycles, and (ii) to provide a data-generating process for Monte Carlo analyses on the robustness of our empirical estimates of the multiplier based on VARs.
However, we emphasize that our intention is not to provide a theoretical model to explain the complicated reality of China. It is more of a parsimonious model to facilitate our Monte Carlo analysis regarding the robustness of our estimated large multipliers. Such a robustness analysis is needed because the time series samples are typically very short in China and multipliers are typically estimated by VARs based on the …nite samples and certain critical detrending procedures and identi…cation assumptions. To assess the reliability and robustness of the empirical estimates, we therefore need a theoretical model that can (i) generate data with the same sample length and similar cyclical properties, and (ii) determine whether VARs performed on such arti…cial data can uncover the truth. Hence, even if our model is the wrong economic model for China, our Monte Carlo analysis is helpful in assessing the reliability of the estimated multipliers, especially when the data feature strong periodic business cycles.
The rest of the paper is organized as follows. Section 2 provides a brief literature review and discussion of some important empirical issues involved in using VARs. Section 3 provide empirical estimates of the multiplier e¤ects of government consumption in China using both aggregate and panel data. Sections 4 and 5 use a theoretical business cycle model to rational- 6 See Wen and Wu (2014) for an empirical study of the powerful e¤ects of …scal policies in China that helped China to escape the Great Recession after the …nancial crisis in 2007-08. Ideally, we would like to know the macroeconomic e¤ects of both types of government spending: (i) government investment and (ii) government consumption; and especially the rate of return to public investment in China. Unfortunately, due to data availability problems we are not able to …nd reliable aggregate data on government investment. Government investment is mixed with private investment in China's national income account. For this reason, we limit the scope of this paper to studying the macro economic e¤ects of government consumption.
ize the empirical …ndings and conducts Monte Carlo analysis to gauge the accuracy of VAR methods in estimating the multipliers. Section 6 concludes the paper. Further robustness analyses are provided in the Appendix.
Issues at Stake
Following the existing literature (see, e.g., Blanchard and Perotti, 2002; Ramey, 2011a) , our empirical estimation of the multiplier is based on VARs that identify exogenous shocks to government spending by assuming that the proxy of government spending is a predetermined variable relative to the other variables included in the VAR.
However, few existing works have provided Monte Carlo analyses to gauge whether multipliers so estimated are reliable, especially in short samples. Several major problems are involved in estimating the multiplier based on VARs. First, how to detrend the nonstationary data? Using growth rates (i.e., applying the …rst-di¤erence …lter) tends to generate too much noise in the data, and using the detrended levels (i.e., applying the HP …lter or assuming a deterministic linear-quatratic time trend) may tend to generate spurious cycles, which may lead to unreliable multipliers.
Second, how to identify the truly exogenous government spending shocks? Government spending (even military spending) is unlikely to be completely exogenous and irresponsive to changes in aggregate income. When government spending is endogenous or partially endogenous, the typical approach to identifying government shocks is to rely on a lowertriangular Choleski decomposition by ordering government spending as the last variable in the VAR, so that "shocks" to government spending do not in ‡uence other variables on impact. But this practice rules out any multiplier e¤ect in the impact period by assumption.
As an alternative, the existing literature (see, e.g., Ramey, 2011a) uses a proxy of government spending that is more or less exogenous judged by Granger causality testing, and orders government spending after the proxy variable but before aggregate output and other variables in the VAR, so that "shocks" to government spending can simultaneously a¤ect output. This is the only way to generate a nonzero output elasticity of government spending on the impact period.
How reliable is such an identi…cation method? One way to tell is to (i) construct a theoretical model in which government spending is partially exogenous and partially endogenous but its underlying shock process is consistent with the empirical identi…cation assumptions, and (ii) use the model as a data-generating process to perform VARs exactly as we do in the 5 data. The third di¢culty is how to compute multipliers based on the estimated impulse response functions in the VARs. The conventional approach is to use three di¤erent measures of the multiplier: (i) the impact multiplier-a measure that focuses on the output elasticity of government spending on the impact period, (ii) the dynamic peak multiplier-a measure that focuses on the maximum response of output to government shock when the impulse response function is hump shaped, and (iii) the cumulative multiplier-a long-run measure that is based on the cumulative sum of the impulse response functions. The rationale behind the long-run measure is that government spending may trigger multiple-periods of output responses after the initial shock and may itself be persistent, as in the standard Keynesian IS-LM model in which the multiplier is the in…nite sum of the incremental changes in output in each following period after the shock. However, when the impulse responses of output to a government shock oscillate around a long-run trend due to endogenous business cycles (as in the case of China), it is not clear whether the sum of both positive and negative responses is the right and reliable measure of the long-run multiplier. For example, the sum of the areas below a sine wave may be zero, but this does not necessarily mean the lack of a long-run multiplier e¤ect. In particular, the measured multiplier may be in…nity if the denominator (the cumulative sum of government responses to its own shock) is zero.
To address these issues, a theoretical model that can generate oscillatory ‡uctuations is needed, and this is exactly what we do in the second part of this paper. In the model, we can exactly compute the short-and long-run output elasticities of government spending, and use the model as a true data-generating process to determine whether VARs can uncover the truth based on short samples.
Speci…cally, using Monte Carlo analysis based on model-generated data with sample size identical to the data, we found the following results:
1. When the data exhibit strong periodic or semi-periodic cycles, both the impact multiplier and the dynamic (peak) multiplier can be consistently estimated by VARs, even in short samples with only about 30 data points.
2. When the data exhibit only a hump-shaped impulse response or weak oscillatory business cycles, the impact multiplier can still be consistently estimated but not for the dynamic (peak) multiplier-which tends to be signi…cantly underestimated in short samples.
3. When the data exhibit oscillatory business cycles, the cumulative multiplier cannot be consistently estimated even in fairly long samples; however, if we use the sum of absolute values of the areas under the impulse response function, then the absolute cumulative multiplier can be consistently estimated even in short samples. 7 4. For both the short-run (SR) and long-run (LR) multipliers, the estimation is far more accurate for samples with a strong cyclical (oscillatory) pattern than for samples with a weak cyclical pattern.
5. Therefore, given the strong cyclical nature of the Chinese data, our theory-based Monte
Carlo analyses suggest that the large …scal multipliers found in China are consistently estimated without signi…cant bias (despite with large standard errors). However, even after taking into account the nontrivial estimation errors in short samples, the impact multiplier is signi…cantly larger than 1 and the dynamic multiplier signi…cantly larger than 2.
Empirical Analyses
This section establishes that government consumption in China is more or less exogenous. In the VAR literature of multiplier estimation, one pertinent issue is the possible endogeneity of government consumption. To resolve the possible endogeneity problem, the existing literature has typically relied on using military spending as a proxy for government consumption (see e.g., Ramey, 2011a Second, it is possible that the Chinese government is better than the private sector in forecasting future output and its tax revenues, thus increasing its consumption before the private sector does. In this case we would have overestimated the multiplier. But we think this is unlikely, and we thus rule out this possibility in this paper and leave it as a possibility for future studies. Third, if government consumption is highly correlated with future government investment (say it takes longer time for the government to increase investment than to increase consumption), then it is possible that the large multiplier we …nd actually re ‡ects the multiplier e¤ects of public investment (such as infrastructure buildup) rather than government consumption. We cannot rule out this possibility. However, even if this is true, it is still good news for us because at least we are able to show that government investment in China has a multiplier larger than one.
The Causal E¤ects of Government Spending
The data used are annual data covering the post-reform period of 1978-2011. Aggregate output Y is measured by GDP, aggregate consumption C by total household consumption, aggregate investment I by gross private …xed capital formation, and government expenditures G by total government consumption spending. All data are taken from National Bureau of Statistics of China (NBSC, China Statistical Yearbook, 2012). Because it is di¢cult to …nd the price index for each of the individual variables in China other than GDP, we use real GDP provided by NBSC and normalize all other variables by the consumer price index (CPI). We discuss the robustness of our results to price adjustment in the appendix.
Denote y as the annual growth rate of real GDP, c as real consumption growth, i as real investment growth, and g as real government expenditure growth. To document the causal relations among these variables, we …rst estimate the following equations by ordinary least squares 8 :
(1)
where z denotes f y; c; ig, respectively, and x denotes g. A variable x is said to Granger cause a variable z when a prediction of z on the basis of its history can be improved by further taking into account the previous period's x. Estimating equations (1) and (2) gives the following results (standard errors are in parentheses and the signi…cance level (asterisk ) is less than or equal to 5% with a t-value of 1:96): Equations (3)- (5) suggest that the steady-state growth rate is about 9:7% per year for real GDP, 8:2% for consumption, and 11% for investment. 9 Compared with equations (3)- (5), equations (6)- (8) suggest that past growth in government spending has a signi…cant e¤ect on current output (consumption, investment) growth, even after the history of output (consumption, investment) growth is taken into account. For example, a 1 percentage point are obtained when three or four lags are used. 9 The unconditional mean of the raw sample for these variables is 9:4%; 8:3%; and 10:8%, respectively. The steady-state value is calculated under the condition x t = x t 1 . For example, equation (3) increase in government spending growth can raise the GDP growth rate by 0.3 percentage points. Given that the average growth rate of government spending is 9.3% per year, the contribution of government spending to GDP growth is 2.8 percentage points, about 30% of the average GDP growth in China.
In fact, changes in government spending are such an important factor in determining future output (consumption, investment) growth that the predictive power of the history of these variables is no longer signi…cant in predicting their future growth after past government spending growth is taken into account. The R 2 in equations (6)- (8) are increased signi…cantly in each case when past government spending growth is added to the regression. This result indicates that government spending, rather than the lagged growth of GDP (consumption, investment) contains superior information for predicting future economic activities in China.
The most striking case is business investment. Equation (8) shows that a 1 percentage-point increase in government spending growth can generate an equal percentage-point increase in investment growth (the coe¢cient is 0:99), explaining why government spending can greatly stimulate output growth in China because investment has been one of the three major driving forces behind China's economic growth over the past 30 years (in addition to direct government spending and total exports).
Equation (6) can also provide a rough idea of the magnitude of the income multiplier.
Given that the average government spending-to-GDP ratio is 1 7 , the implied SR multiplier is 7 0:3 = 2:1 and the long-run multiplier is 2:1 1 0:32+0:11 = 2:66, assuming that g t is i.i.d., completely exogenous, and does not a¤ect output until one period later. Section 2.2 provides better estimations of the multiplier by VARs that take into account the simultaneity, persistence and possible endogeneity of government spending at the levels. 10 For the reverse question of whether past output (consumption, investment) growth has an e¤ect on current government spending, given the history of government spending, we obtain the following results: 
10 In addition, the estimated multiplier based on growth rate is noisier than that based on detrended levels.
Regression (9) indicates that the steady-state growth rate of government spending is 9:2% per year. 11 Compared with equation (9), equation (10) suggests that past output, consumption, and investment growth have no signi…cant e¤ect on current government spending growth. Speci…cally, taking into account past growth in these other variables does not improve the prediction for future government spending statistically and economically. The R 2 value barely changes when these additional independent variables are included in equation (10).
The results based on equations (3)- (10) suggest that government spending is approximately exogenous in China and, more importantly, there is a unidirectional strong "causal"
relationship from government spending to consumption, output, and investment. Speci…-cally, changes in government spending Granger-causes GDP growth, consumption growth, and investment growth, but not vice versa. This unidirectional causal relation is in sharp contrast to the dynamic pattern of the U.S. time-series data. In the United States, private consumption Granger-causes aggregate output, investment, and government spending, but not vice versa (Wen, 2007) .
In addition to the above causal relations, government spending in China has been highly in ‡ationary. 
Regressions (11) and (12) suggest that investment spending has signi…cant explanatory power for future in ‡ation. A 1 percentage-point increase in investment growth can raise the in ‡ation rate by 36 basis points. Since investment growth in China responds to government expenditure growth 1 to 1, it is not surprising in equation (13) that government spending appears equally highly in ‡ationary. The coe¢cient on government spending is 0.31, nearly identical to that of investment growth in equation (12), although not as statistically 11 The unconditional mean of the raw sample is 9:3%.
11 signi…cant as investment in equation (12) . 
On the other hand, regression (14) shows that past in ‡ation negatively Granger-causes current government spending growth. compared with equation (10), past in ‡ation is a far superior predictor for the future path (decline) of government spending than past GDP growth, consumption growth, and investment growth together. The R 2 in regression (10) increases by 63%. This suggests that the Chinese government may be counter-reacting to in ‡ation to smooth the business cycle, given that government spending is highly in ‡ationary.
The coe¢cients show that a 1 percentage point increase in the in ‡ation rate reduces the growth rate of government spending by one-third of 1 percentage point. So if the in ‡ation rate is 3 percentage points higher than last year, government spending growth would be reduced by 1 percentage point, which in turn would lower the growth rate of GDP by 0.3 percentage points and investment growth by 1 percentage point in the short run.
The Multiplier
The multiplier is estimated by VARs. Following the existing literature, we place government spending …rst in the following VAR model:
where X t is a vector including government spending (G t ), GDP (Y t ), consumption (C t ), investment (I t ), and in ‡ation ( t ), A 0 is a lower-triangular matrix, and " t is a vector of structural shocks with an identity variance-covariance matrix. Since G t is ordered …rst in the vector X t , the …rst shock in " t is interpreted as the government spending shock. All variables are in real terms as in the previous subsection, and the in ‡ation rate is expressed as percentage changes in CPI. Following Ramey (2011a), the VARs are speci…ed in log levels instead of growth rates, with a linear-quadratic time trend and two lags included in the regression. multiplier, the peak multiplier, and the LR multiplier. The impact multiplier pertains to the elasticity of output at the impact period. The peak multiplier pertains to the peak response of output in the initial booming phase of the business cycle. The LR multiplier pertains to the cumulative changes in output over time divided by the cumulative changes in government spending. These measured elasticities are all multiplied by the average GDP-to-government spending ratio (7:026) in the raw data to obtain the estimated multipliers. 12 The multipliers for consumption and investment are computed similarly (the consumption-to-government spending ratio is 3:193 and investment-to-government spending ratio is 2:337).
12 Similar to Ramey (2011a), we de…ne the multiplier m as the absolute increase in GDP level (Y t ) above its LR trend Y t as a result of a 1 dollar temporary increase in government spending (G t ) above its long-run
. Suppose we take the natural logarithm on GDP and government spending, remove a linear-quadratic time trend, and de…ne the detrended data series as fŷ t ;ĝ t g n ln
Suppose by regression analysis we …nd the coe¢cient ,ŷ
Thus, is the output elasticity of government spending. To convert this elasticity to the multiplier, we can use the following steps: (i) Letŷ t = ĝ t .
(ii) Perform the following transformation:ŷ t ln Yt Yt
Yt Yt Yt
, and
is the measured multiplier. Table 1 . As a robustness check, we also report the estimated multipliers (see the numbers in parentheses in Table 1 ) when the number of lags is one in the VAR in equation (15) . The magnitudes are not signi…cantly di¤erent and all point to large multipliers.
In particular, the impact multiplier for output becomes even larger, rising from 2:7 to 3:5.
The impulse responses to government spending shock with one lag in the VAR are graphed in Figure 3 .
Further robustness analyses are provided in the appendix, where we show that (i) the Granger causal relationship between government spending and the economy is robust to price adjustment, so our results are not driven by the method used to normalize the nominal variables, and (ii) the dynamic multiplier is equally large even if we order government spending as the last variable in the VARs.
Panel Regression
Panel regression provides independent information for the size of the …scal multiplier. The advantage of panel analysis is that it increases the sample size signi…cantly and can also take into account of cross-space spillover e¤ects. For example, government spending in one particular province can increase regional output not only in this province but also in other provinces through cross-border spillover e¤ects due to trade or supply chains. Increases in government spending in one province may generate spillover e¤ects in other provinces, as the increased demand at the local level a¤ects demand for the goods produced in neighboring provinces. Thus, in our panel regression analyses we need to account for such cross-province e¤ects (externalities), which cannot be captured by standard panel regression with only a regional …xed-e¤ect coe¢cient. More speci…cally, to deal with the potential spillover e¤ects, we use a spatial panel regression technique to estimate the multipliers by constructing a spatial weighting matrix that captures the cross-province e¤ects.
De…ning the growth rate of a vector of variables X t by x t ln X t ln X t 1 , we run the following spatial panel regression:
where z t is a 29 1 vector composed of the annual growth rates of variable Z t in all 29 13 Data on provincial CPIs earlier than 1981 are not available. Table 2. 14 Since we use "share a border or not" to de…ne our spatial weighting matrix W A , we may have ignored the spillover e¤ect between provinces that do not share a border. As an alternative, we also use geographic proximity (the distance between provincial capitals) to de…ne the spatial weighting matrix. We construct the new matrix by setting
where d ij is the distance between capital i and j and S i = P Table 2 . Table 2 shows that regardless of which spatial weighting matrix is used, both the spillover e¤ects (') and the direct e¤ects of government spending ( ) are strongly positive and highly signi…cant for output (Y ), consumption (C), and investment (I). We can calculate the multipliers for output, consumption, and investment straightforwardly using the estimated coe¢cients in Table 2 ; these implied multipliers are reported in the bottom rows in Table 2 . For example, given that the average GDP-to-government spending ratio is 7, the SR into account the cross-county spillover e¤ects, they obtain a short-run multiplier of 0.6. This value is signi…cantly smaller than our estimates because ignoring cross-county spillover e¤ect would result in underestimation of the true multiplier. In addition, they estimated only the short-run (current year) …scal multiplier. If we had estimated our model by ignoring crossregion spillover e¤ects and lagged (dynamic) e¤ects, we would obtain a multiplier around 0.7 to 0.8, which is quite close to their value.
A Theoretical Model
How can we rationalize the large multiplier e¤ects of government spending and its role in driving the business cycles in China? More importantly, how do we know that the empirical estimates in the previous section are reliable? To answer these questions, this section provides a simple macro model to capture the stylized facts discussed previously and then uses modelgenerated data to determine whether we can uncover the theoretical multiplier in the model by applying the same econometric procedures to the model-generated data.
We build several new features into a fairly standard neoclassical growth model to generate large multipliers and business cycles by adding the following assumptions:
1. We impose a wedge between potential output and actual output in the form of a distortionary tax to capture any loss of potential output resulting from market failures, 15 Using panel data from the United States, Shaog (2010) …nds a …scal multiplier of 2 across states.
incomplete or missing markets, resource misallocations, corruptions, e¢ciency losses related to the existence of state-owned enterprises (SOEs) and imperfect competition, and many other forms of real frictions in the Chinese economy. This wedge is assumed to be a …xed portion 0 of the potential output Y , and we de…ne 0 Y as the deadweight cost to the economy each year. The potential output is de…ned as the steady-state output level in the absence of the deadweight cost. However, each individual …rm must pay a fraction t of its current output y t to cover this deadweight cost,
Therefore, it is as if the economy commits a …xed portion of its aggregate output to pay for the distortions and market failures. Because this …xed deadweight loss is shared by all …rms as an implicit tax, it imposes a countercyclical distortionary tax t on …rms when the actual output Y t R 1 i=0 y t di ‡uctuates. This time-varying and countercyclical "tax" burden creates a shadow markup (1 t ) or time-varying externality in the economy, giving rise to incentives for …rms to "overproduce" in a boom and "underproduce" in a recession. This wedge, combined with other forces, leads to endogenous business cycles and a dynamic multiplier e¤ect.
Government spending helps to reduce the costs of …rms' investments. This assumption
implies that the bene…ts (costs) of business investments in China are highly correlated with government spending. 16 3. Government spending is partially …nanced through money creation. This means that government spending is in ‡ationary. However, since in ‡ation causes social unrest, the government also tries to respond to in ‡ation by reducing its expenditures when the economy is overheated. Thus. we assume that government spending follows a Taylortype feedback rule: It responds to lagged in ‡ation negatively and to lagged output positively. These assumptions make government spending and the money supply partially endogenous in our model and thus can help propagate business cycles.
We show that these features, combined with variable capacity utilization and time to build capital, can generate the large multiplier e¤ects and business cycles observed in China.
We then use the model as a true data-generating process for structural VAR analysis. We …nd that VAR methods can uncover the theoretical multipliers in the model with reasonable precision even in short samples.
To perform VAR analysis, the theoretical model must have at least the same number of shocks as the number of variables in the VAR. Since ours is a closed-economy model with the accounting identity Y t = C t + I t + G t + , we use a four-variable VAR in our Monte Carlo analysis to avoid collinearity. The four variables are output (Y t ), investment (I t ), government spending (G t ), and in ‡ation ( t ). Thus, our model has four mutually independent structural shocks, including a shock to government spending (g t ), a shock to total factor productivity (TFP, A t ), a shock to the marginal utility of consumption (preference shock t ), and a shock to the velocity of money (V t ). We assume a deterministic growth trend in the model and in the data. Any ‡uctuations in the model and in the data are treated as movements around a deterministic time trend. Hence, we use the detrended variables in levels (instead of growth rates) to estimate the multipliers in both the actual data and model-generated data, as in Ramey (2011a).
Government Spending
Assume that total government expenditure G t is …nanced partly by lump-sum taxes on household income and partly by bank credit or money creation. To simplify the model, we assume that the stock of government bonds is constant and that government prints money to …nance part of its expenditures instead of borrowing credit from the banking sector.
Denoting P t as the aggregate price level and M t as the stock of money at the end of period t, real government spending in each period is given by
We assume that fraction of government spending is …nanced by lump-sum taxes and the rest is …nanced by printing money:
(1 )
For example, if government spending is …nanced entirely by lump-sum taxes ( = 1), then the change in the money stock is zero. Equation (20) implies that the increase in the money supply is endogenous in the model, depending on the value of and total government expenditures G t .
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As in a New Keynesian model, we assume a Taylor-type rule for government spending-it responds endogenously to in ‡ation and output,
whereg t denotes an exogenous shock process (component) in observed government spending G t , such as military spending, t Pt P t=1
denotes period-t in ‡ation, and < 0 denotes the in ‡ation elasticity of government spending as a policy tool.
Clearly, under the assumption in equation (21), although the government spending shock g t is exogenous, but the measured government spending G t is not completely exogenous in our model. However, since in ‡ation and output a¤ect G t with a lag, all other structural shocks in this model (exceptg t ) can a¤ect G t only with a lag. This implication is consistent with the identi…cation assumption in the VAR in the previous section where innovations in government spending G t can a¤ect other variables in the VAR on impact but innovations in other variables do not a¤ect G t in the impact period.
Therefore, when applying the VAR to the model-generated samples, if we order government spending last in the VAR, by design we would not be able to identify any government spending shocks that make a signi…cant contribution to output ‡uctuations. This is also the case in the Chinese data-namely, if we order government spending last in the VAR, the identi…ed government spending shocks explain less than 3% of the total variance in GDP and other variables. This empirical feature of the data is also consistent with the Granger causality test shown in the previous section.
Finally, notice that our model does not directly address the Granger causality relations found in Chinese data although the model can generate similar lead-lag relations to the data. 17 However, as long as government spending G t in our model does not respond to nongovernment shocks on impact, and all endogenous variables such as fY t ; I t ; C t ; t g respond to the government spending shock (g t ), the identi…cation assumptions in the VARs are valid for the model-generated data. In other words, that government spending Granger causes output is a su¢cient but not necessary condition to validate the identi…cation assumptions in the VAR. 17 A lead-lag relationship is not identical to Granger-causality. Capturing Granger-causality in a theoretical DSGE model requires more sophisticated information structures and this is a challenge beyond the scope of this paper (see Wen, 2007 ). 21 
Households
As observed by Modigliani and Cao (2004) , although China is not a full market economy, standard economic models can nonetheless capture the Chinese household saving behaviors.
Therefore, this paper assumes a representative household that take prices as given when making consumption and saving decisions. Distortions are mainly on the government and the …rm side. The household can hold several assets as a store of value to smooth consumption, including government bonds (B t+1 ), money (M t+1 ), and …rms' equity shares (S t+1 ). The labor supply (N t ) is perfectly elastic, so the utility function is linear in leisure. Denoting Q t as the price of equity (stock price) and D t as dividend ‡ows, 18 the representative household
where g x denotes the LR potential growth rate of productivity, T t denotes lump-sum taxes, W t denotes the real wage, t denotes the preference shock, and V t denotes a shock to the velocity of money. Denoting f t ; t g as the Lagrangian multipliers for equations (22) and (23), respectively, the …rst-order conditions for fC t ; N t ; B t+1 ; S t+1 ; M t+1 g are given by
Equation (27) implies that the stock price (…rm value) equals the present value of future dividends:
which will become the …rm's objective function in the following subsection.
Firms
Firms are identical and are price takers. As mentioned previously, we impose a wedge on the economy in the form of a distortionary income tax to capture the deadweight loss of output resulting from market failures, externalities, incomplete markets, resource misallocations, corruptions, the existence of state-owned-enterprises and their monopoly power, and so on.
The total deadweight loss is and is shared by all …rms. To cover the deadweight loss, …rms are taxed at the rate t of their revenues so that the aggregate tax revenue equals the deadweight cost, t Y t = .
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There exists a labor-augmenting technology that grows over time at a deterministic growth rate g x 0. Since we focus on ‡uctuations around the balanced growth path, all nonstationary endogenous variables are normalized (scaled) by this technology trend. In the detrended model, a representative …rm combines labor and capital stock to produce output in each period. The production technology is given by
where e t 2 [0; 1] denotes the rate of capacity utilization and A t denotes aggregate shocks to total factor productivity (TFP). The rate of private capital depreciates at a time-varying rate t , which depends on the rate of capacity utilization (Greenwood et al., 1988) :
The private capital stock evolves according to the law of motion
where I t denotes period-t investment and I t I 1 t 1 in equation (32) denotes time-to-build technology (Wen, 1998b) . That is, it takes multiple (two) periods of investments to construct new capital. The parameter measures the elasticity of substitution across past and current investments in di¤erent periods. Wen (1998b) shows that this form of time-to-build technology requires commitment of future investment and can hence generate autocorrelated persistence in investment spending, unlike the original Kydland-Prescott (1982) speci…ca-tion (which generates sawtooth waves of investment that is inconsistent with the data).
This new type of time-to-build model also dampens investment responses to shocks because commitment is costly. More importantly, it avoids indeterminacy in the model caused by the existence of the deadweight cost . The variable t captures any exogenous movements in the costs of …nancing private investment (or e¢ciency shocks to private investment). When t is low, the costs (bene…ts) of investment are high (low). Since government expenditure in China is business friendly and investment promoting, we assume
with > 0 as a parsimonious way of capturing any direct and indirect e¤ects of government spending on …rms' investment returns or costs of doing business. To simplify the analysis, we assume t = 1 in the steady state. This investment e¢ciency wedge, joint with other features, is important for the model to capture the multiplier e¤ects of government spending in China. 20 We assume that …rms are owned by households through the equity market. Thus, the proper discounting factor of the …rm is the market interest rate or the ratio of marginal utilities of the representative household. The …rm's problem is to maximize the present value of future dividends by solving 20 As an example of government spending e¤ects on …rm investment and local business, consider the story of Gu Zhen, a town of Guangdong province in China's southeast coast area. Gu Zhen was a poor village in the early 1980s but is now famous for its light-…xture products. In 1980s, the local government of Gu Zhen helped to bring in two light-…xture assembly companies from Hong Kong, from which the local entrepreneurs learned the production technology and business model of light-…xture industry. Once the local enterprises in light industries started to develop, the local government o¤ered a variety of support in …nancing, information provision, worker training, and technology transfer assistance. Since 1999, Gu Zhen's local government has organized an annual international exhibition for the products of local …rms to help companies sell their products. All such services o¤ered by Gu Zhen's local government are helpful in attracting and enhancing business investment and nurturing private enterprises by reducing their investment costs and other types of operation costs (Yang, 2010) . In China, all levels of central and local government are motivated to provide similar facilities and services to help attract business entry and private capital formation. There is at least one government-built industrial park in each Chinese city to promote investment and economic growth. subject to equations (31) and (32) . As assumed previously, each …rm must take t Yt as given in maximizing pro…ts. Non-negative pro…ts require t < 1, which is the assumption we make in this paper.
Denoting q t as the Lagrangian multiplier for equation (32) , the …rm's …rst-order conditions for fe t ; N t ; I t ; K t+1 g are given, respectively, by
Note that if there is no time to build ( = 1), then equation (37) reduces to q t = 1, as in a standard model. Therefore, time to build introduces a dynamic wedge for Tobin's q (q t 6 = 1), similar to a model with investment adjustment costs.
General Equilibrium
The general equilibrium of the model is characterized by the dynamic path of 14 endogenous variables, fe t ; N t ; I t ; K t+1 ; C t ; W t ; t ; P t ; t ; M t+1 ; Y t ; t ; G t g, which can be solved uniquely by log-linearization of the following system of 14 equations around the steady state 21 :
subject to standard initial conditions and transversality conditions. The laws of motion for the four structural shock variables are speci…ed as
where the innovations f" t ; " At ; " gt ; " vt g are i.i.d. with variances 2 ; , where is the steady-state depreciation rate. The value of 0 in equation (51) can be chosen arbitrarily to match the steady-state capacity utilization rate e. 22 We calibrate the remaining independent parameters such that a selected set of the model's second (conditional) moments under government shocks broadly match those in the data.
Although matching the Chinese data is not the main focus of our paper, it would be more reassuring if the model-generated data broadly resembled the Chinese data, especially in terms of the large multipliers and the strong business cycles. We focus on the following model moments: the standard deviation (SD) of consumption, investment, in ‡ation, and government spending relative to output; the correlations of these variables with output; and the …rst-order autocorrelations of these variables. Since all moments are relative to output, we normalize the SD of the government spending shock 2 g = 1.
Because oscillatory business cycling is an important aspect of the data and may signi…-cantly bias the estimation of the multipliers, we select two sets of parameter values ("Calibration 1" and "Calibration 2"), both calibrations allow the model to broadly match the second moments of the data (at least qualitatively), but by design, Calibration 1 does not generate as strong a cyclical tendency in the model as Calibration 2. In particular, Calibration 1 generates only a hump-shaped impulse response of output to government shocks, whereas Calibration 2 generates strongly oscillatory business cycles similar to those in the data. The two calibrations can help reveal whether business cycles in the data bias or hinder the estimation of multipliers and if so, in which direction.
Since our focus is on the …scal multiplier and the conditional moments of the model under government shocks, we do not calibrate the three non-government shocks in a sophisticated manner since they are in the model only to avoid singularity of the model-generated data; thus, we are not overly concerned about how they are calibrated. The only requirement we impose on them is that the three non-government shocks together cannot explain more 22 See Wen (1998a). than 40% of the SD of aggregate output, which is what we found in the Chinese data. 23 So for simplicity, we assume that the other three structural shocks are i.i.d. processes with A = = v = 0 and A = = v = 0:2. The persistence parameter for government spending shock is g = 0:6 0:8, consistent with Chinese data (see Table 6 ). The calibrated parameter values are reported in Table 3 . 24 All parameters jointly a¤ect the theoretical multipliers in the model. In particular, the deadweight cost-to-output ratio ( Y ), the in ‡ation feedback parameter , and the govern- and other distortions in China is high-ranging from 25% to 35% a year-close to the capital income tax in the United States. 25 (ii) Government spending is highly responsive to in ‡ation, with an elasticity between 1 and 2. (iii) Government spending has a big impact on the cost of doing business or investment in China; everything else equal, a 1% increase in government spending can increase the rate of return to private investment by 0:1% to 0:35%. Table 4 . We focus on income multipliers. The size of the income multiplier ranges from about 2:4 to 4:7, broadly similar in magnitudes to those found in the Chinese economy (but with a slightly weaker dynamic multiplier in the model). Conditional Second Moments. A selected set of second moments conditional on government shocks is reported in Table 5 . In generating the predicted moments in the Here we achieved all these targets through in ‡ation-…nanced government spending (among other things) without relying on sticky prices. The most remarkable aspect of the model, however, is its ability to mimic the large multipliers and periodic business cycles in China.
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Such an important property of the model provides the base for our Monte Carlo analysis in the next subsection.
How Good Are VARs
The multipliers in the Chinese data are surprisingly large and are based on very short time series samples with only 33 data points. In addition, the VARs are based on the crucial assumption that government spending shocks can have an immediate impact on other endogenous variables in the VAR but other structural shocks do not a¤ect government spending instantaneously. This identi…cation assumption is meant to capture the impact multiplier (see Ramey, 2011a ) but may overestimate the true multiplier-as it is inconsistent with the standard VAR literature on how to identify the structural shocks (see, e.g., Christiano, Eichenbaum, and Evans, 2005). Therefore, the reliability of this approach in identifying the multipliers deserves close scrutiny.
We use the model as a data-generating process and simulate the theoretical model 1000 times in each trial discussed below. Based on the simulated samples, we estimate the implied multipliers by the same VAR method with two lags (as in Section 2),
where X t = [G t ; Y t ; I t ; t ] 0 and A 0 is lower triangular. The length of the simulated sample is denoted by N . We conduct two di¤erent experiments (trials) with two di¤erent sample length N = f33; 66g. In the …rst experiment, the length of the arti…cial sample equals that in the data (N = 33). In the second experiment, we increase the sample length to N = 66.
In each experiment, we simulate the model 1000 times under the two alternative calibrations, respectively. We compute the standard errors based on the 1000 simulations in each case.
The estimated impulse response functions to a government shock are shown in Figure 5 , It is di¢cult, however, to eyeball the accuracy of the LR cumulative multiplier, which is measured as the ratio of the sum of the impulse response function of output and the counterpart in government spending. Therefore, we report the numerical values of all measured multipliers in Table 6 for the case of N = 33, where numbers in parentheses are standard errors. The middle panel in Table 6 pertains to Calibration 1 and the right panel pertains to Calibration 2. Clearly, the cumulative multiplier cannot be precisely identi…ed under either calibration. Under both calibrations the standard errors of the cumulative multiplier are too large (6:19 and 44:3, respectively) to render the multiplier signi…cantly di¤erent from zero. This is especially the case under Calibration 2, where the business cycle is so strong that many periods have negative values in the impulse responses. However, if we use the absolute sum of the areas under the impulse response functions, the measured cumulative multiplier (labeled "Cumulative (abs)" in the last row in Table 6 ) can be quite precisely estimated with a relatively small standard error. Therefore, our Monte Carlo analysis suggests that for data exhibiting business cycles, the cumulative multiplier may better be based on the absolute sum rather than the natural sum of the impulse responses. 29 This Keynesian doctrine has been …rmly embraced by the Chinese government since o¢cials in China strongly believe that the multiplier principle should apply not only to advanced market economies during deep recessions, but also to developing countries where pervasive underutilization of economic resources and market failures are believed to be the norm.
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As a large developing economy, China possesses several important features that make it an idea laboratory for studying the potential multiplier e¤ects of government spending: (i)
Resources are not always fully or e¢ciently utilized in China, (ii) widespread coordination (or market) failures resulting from information frictions, the lack of sophisticated market regulations, and various forms of externalities, (iii) incomplete or missing …nancial markets, and (iv) a signi…cantly greater degree of stagnations due to underdevelopment than in developed countries, among others. Perhaps more importantly, China has been very active in using government spending as a policy tool to stimulate the economy in the past three decades. Our empirical analyses show that 1. The …scal multiplier in China is indeed signi…cantly larger than 1, so that real GDP can always rise by more than the increase in government purchases.
2. However, such a large multiplier is not necessarily a free lunch, as government spending may also be itself an aggravating source of the business cycle in China. Consequently, the bene…t of the multiplier may be partially or even largely o¤set by the cost of the subsequent business cycles, especially when government purchases are …nanced by credit expansion and money creation.
Our Monte Carlo analysis support these empirical …ndings in China. However, we cannot rule out the possibility that the identi…ed multiplier in this paper captures the e¤ects of government investment instead of purely government consumption-because it is likely that government consumption is strongly correlated with government investment in China. But even so, our empirical …ndings suggest that spending on infrastructures can signi…cantly boost aggregate output. 29 With market failures, Keynes argued that aggregate e¤ective demand determines aggregate supply.
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A Appendix: Further Robustness Analyses
A. 1 Granger Causality
Because of the lack of individual price indices for consumption, investment, and government spending, Section 2 de ‡ates all variables, including GDP, by the CPI. To rule out the possibility that it may be CPI in ‡ation, instead of government spending, that is driving the observed Granger causality between real government spending and real GDP, here we use the GDP de ‡ator to de…ne real GDP and run the following three additional Granger causality tests. 30 First, we regress the re-de…ned real GDP growth y t on its own lags f y t 1 ; y t 2 g and lagged real government spending g t 1 . Second, we add the lagged CPI in ‡ation rate p t 1 as an independent variable into the …rst regression to control the in ‡uence of lagged CPI in real government purchases on real GDP. Third, we replace real government spending The …rst regression yields essentially the same result as in equation (6); namely, lagged real government spending is the main explanatory variable for current real GDP growth, far more signi…cant in predicting GDP growth than the history of GDP growth. The implied multiplier is also similar in magnitude to that obtained before. The second regression shows that lagged CPI in ‡ation is not signi…cant in predicting current real GDP growth. Furthermore, the third regression yields an almost identical coe¢cient with identical signi…cance level (up to the third digit) for the e¤ects of government spending as in the second regression, except that the coe¢cient on lagged in ‡ation becomes larger when nominal government spending G t 1 replaces real government spending g t 1 as an independent variable. These regression results reinforce our previous results that changes in government spending Granger 30 To reduce noise, we subtract net exports from GDP, so in nominal terms GDP = C + I + G.
causes changes in real GDP, regardless of how real GDP is measured. In other words, government spending in China does contain superior information not contained in lagged GDP in predicting future GDP movements.
A. 2 Orders in the VAR
When a variable is ordered …rst in the VAR under a lower-triangular Choleski decomposition for the residuals, the identi…ed structural shocks to the …rst variable may be contaminated by shocks to other variables ordered below the …rst variable. This is why the bulk of the VAR literature proposes ordering the variable of interest as the last in the VAR. As a robustness check, we follow the existing monetary literature by ordering government spending last in the VAR although this ordering is inconsistent with our theoretical model and the accounting identity of the national income. 31 In doing so, the impact multiplier is zero by assumption, but we may still be able to identify the dynamic (peak) multiplier if it exists in the data. The reordered vector X t in equation (15) is now given by real GDP (Y t ), 31 However, it is possible that an increase in government spending (G) crowds out net exports (N X) by exactly the same amount, so the remaining variables fY; C; Ig in the accounting identity, Y = C +I +G+N X, are not a¤ected.
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real consumption (C t ), real investment (I t ), in ‡ation ( t ), and real government spending (G t ). As before, all nominal variables are normalized by the CPI. The last shock in the vector " t now corresponds to a government consumption shock. Using 2 lags and a linearquadratic time trend in the VAR, the impulse responses of fY t ; C t ; I t ; t g to a 1-SD shock to G t are graphed in Figure A. The pattern of the impulse responses looks very similar to those in Figure 1 except that government shocks have no e¤ect on the economy in the impact period. Hence, by design the impact multiplier is zero. However, both dynamic and cumulative multipliers exist.
Speci…cally, the dynamic multipliers for fY; C; Ig are given by f3:21; 1:48; 3:40g, respectively, and the cumulative multipliers (measured as the sum of the absolute value of the area under the impulse response functions) are given by f2:6; 0:92; 3:27g, respectively. The dynamic income multiplier of 3:2 is smaller than that reported in Table 1 , but it is still signi…cantly larger than 1 and that found in the U.S. data.
However, as mentioned previously, if we order government spending last in the VAR, then by variance decomposition government shocks now explain only about 3% of the variance in GDP, as opposed to more than 60% of the variance of GDP in the previous speci…cation in equation (15) . This result can be explained by the fact that government spending in China Granger-causes GDP (and other variables in the VAR) but not vice versa. Therefore, it is a misspeci…ed model if government spending is ordered last in the VAR because this ordering would imply that other variables "cause" government spending but not vice versa during the impact period of the shock.
